Background There is no standard Wrst-line therapy for advanced gastric and gastroesophageal junction (GEJ) adenocarcinoma and the prognosis remains poor. Our institution conducted a phase I study of oxaliplatin, irinotecan, and capecitabine given in a novel, weekly schedule. The regimen was tolerated; pharmacodynamic studies revealed no drug interactions, and there was one conWrmed response in a gastric cancer patient. We performed a phase II trial in advanced gastric and GEJ adenocarcinoma to determine response rate and response duration. Methods This was a multi-center single treatment arm study involving six sites. Only prior adjuvant therapy was allowed. Patients had ECOG performance status of 0-2, adequate organ function, and were able to tolerate oral medications. All patients received oxaliplatin 60 mg/m 2 intravenously (IV) and irinotecan 50 mg/m 2 IV weekly times 4 weeks with a 2-week rest period. Capecitabine 450 mg bid orally was received on days 1 through 5 every week for 4 weeks, followed by a 2-week rest. Patients were assessed for response after the Wrst two cycles; response duration, overall survival, and adverse events were also recorded. We estimated an improvement in historical response rate by 30% would have clinical meaning. Results A total of 39 patients were accrued and all were assessed for toxicity; 30 patients were evaluable for response. The median age was 57.8 years (31-79 years) and 74% were male. Two patients had a complete response, with nine patients achieving a partial response. The total response rate was 28%, with nine patients not evaluable for response. The median response duration was noted at 5.97 months and median overall survival was 8.98 months.
Abstract
Background There is no standard Wrst-line therapy for advanced gastric and gastroesophageal junction (GEJ) adenocarcinoma and the prognosis remains poor. Our institution conducted a phase I study of oxaliplatin, irinotecan, and capecitabine given in a novel, weekly schedule. The regimen was tolerated; pharmacodynamic studies revealed no drug interactions, and there was one conWrmed response in a gastric cancer patient. We performed a phase II trial in advanced gastric and GEJ adenocarcinoma to determine response rate and response duration. Methods This was a multi-center single treatment arm study involving six sites. Only prior adjuvant therapy was allowed. Patients had ECOG performance status of 0-2, adequate organ function, and were able to tolerate oral medications. All patients received oxaliplatin 60 mg/m 2 intravenously (IV) and irinotecan 50 mg/m 2 IV weekly times 4 weeks with a 2-week rest period. Capecitabine 450 mg bid orally was received on days 1 through 5 every week for 4 weeks, followed by a 2-week rest. Patients were assessed for response after the Wrst two cycles; response duration, overall survival, and adverse events were also recorded. We estimated an improvement in historical response rate by 30% would have clinical meaning. Results A total of 39 patients were accrued and all were assessed for toxicity; 30 patients were evaluable for response. The median age was 57.8 years (31-79 years) and 74% were male. Two patients had a complete response, with nine patients achieving a partial response. The total response rate was 28%, with nine patients not evaluable for response. The median response duration was noted at 5.97 months and median overall survival was 8.98 months.
There were no grade 5 treatment related events, with all
Introduction
EVective therapy for advanced gastric adenocarcinoma remains elusive, despite the high world-wide prevalence. In the United States for the year 2007, approximately 21, 260 new cases of gastric carcinoma are expected with approximately 11, 210 deaths [10] . All patients with inoperable or metastatic disease have a dismal 5-year survival of less than 10% [8] . Discovering regimens with signiWcant survival beneWts is requisite.
Our institution conducted a phase I study of oxaliplatin, irinotecan and capecitabine to Wnd the maximum tolerated dose and dose limiting toxicity (DLT) of this combination [13] . Pharmacokinetics (PK) for all three agents were assessed and at least one woman was accrued to each cohort, based on reports of disproportionate adverse events with 5-Xuorouracil/capecitabine when compared to men [2, 20] . The regimen was found to be equally well-tolerated in both women and men with DLT of diarrhea. Response was evaluated in 17 patients, with a conWrmed complete response noted in a patient with gastric carcinoma. These agents have been beneWcial in other combinations and dosing schedules in gastric carcinoma. PK data did not reveal any untoward drug interactions. First-line systemic treatment approach to gastric and gastroesophageal junction (GEJ) carcinoma is not established; therefore, we conducted a phase II study in advanced gastric and GEJ with this triple-drug regimen. Based on our phase I data, we evaluated this weekly schedule of more dose-dense treatment for eYcacy and toxicity.
Patients and methods

Eligibility
Patients were required to have metastatic or inoperable pathologically conWrmed adenocarcinoma of the stomach or GEJ (Siewert classiWcation type I-III) [19] ). Prior chemotherapy for metastatic disease was not allowed, but adjuvant or neoadjuvant chemotherapy and/or radiation therapy was permissible, as long as 4 weeks had elapsed since these prior therapies. Patients had to be age 18 years or older with a life expectancy of at least 12 weeks. Measurable disease by RECIST criteria [22] was required.
All patients were mandated to have an Eastern Cooperative Oncology Group (ECOG) performance status of 0-2 and be able to tolerate oral medications. Adequate hematologic (hemoglobin¸9.5 g/dL, ANC¸1500/ L and platelet count¸100,000/ L) and hepatorenal (total bilirubin · 1.5 mg/dL; AST and ALT · two times the upper limit of normal (ULN); creatinine clearance¸60 mL/minute/ 1.73 m 2 if serum creatinine above the ULN) were required for study entry. Exclusion criteria consisted of inability to take oral medications, New York Heart Association classiWcation III or IV heart disease, brain metastases or primary brain tumors, pregnancy or lactation, and known hypersensitivity to 5-FU or compounds similar in structure to oxaliplatin or irinotecan.
Written informed consent forms were approved by Cancer Therapy Evaluation Program at the National Cancer Institute, by the Institutional Review Board of University Hospitals Case Medical Center, and by participating institutions review boards. Consent was signed by all participating patients.
Study design and dosing
Patients were required to have a routine history, physical exam, and radiographic tumor staging before treatment. One cycle was 6 weeks: 4 weeks of treatment with 2 weeks rest. Patients were assessed for response after cycle two by history, physical exam, and radiographic studies. Patients tolerating treatment with responding or stable disease were able to continue on study, with re-staging performed after every even-numbered cycle. Treatment was discontinued in patients with progressive disease; these patients were then monitored for survival.
All patients received oxaliplatin 60 mg/m 2 intravenously (IV) and irinotecan 50 mg/m 2 IV weekly times 4 weeks with a 2-week rest period. Capecitabine 450 mg bid orally was received on days 1 through 5 every week for 4 weeks, followed by a 2-week rest. Oxaliplatin (NSC 266064) was provided by the Division of Cancer Treatment, Diagnosis and Centers, NCI, (Bethesda, MD) as a lyophilized powder in vials containing 50 or 100 mg of oxaliplatin. The powder was reconstituted by adding 10 mL (for the 50 mg vial) or 20 mL (for the 100 mg vial) of water for injection or 5% dextrose in water, yielding a 5 mg/mL solution, which was diluted in an infusion solution of 250-500 mL 5% dextrose in water. Irinotecan and capecitabine were obtained from commercially available sources.
Supportive care and dose modiWcations Antiemetics including steroids plus prochlorperazine or a 5-HT3 receptor antagonist were administered before each dose of oxaliplatin. Oral antiemetics and anti-diarrheal agents were discussed with each patient. Growth factor support was employed at the discretion of the treating physician, but was in accordance with American Society of Clinical Oncology guidelines.
Toxicity was graded according to Common Terminology Criteria for Adverse Events version 2.0. The start of a new cycle could be delayed as long as 3 weeks to allow toxicities to return to a grade 1 or better; the absolute neutrophil count had to be at least 1,250/mm 3 . During a cycle, treatment could be held as long as 2 weeks and re-instituted when myelosuppression returned to a grade 2 or better and non-hematological toxicities were a grade 1 or better.
Dose modiWcations were speciWed. If a course of treatment was complicated by grade 3 mucositis/diarrhea or grade 4 myelosuppression/febrile neutropenia, then the irinotecan dose was reduced by 20% to 40 mg/m 2 . If a second treatment was complicated by these factors, then the oxaliplatin dose was reduced by 20% to 48 mg/m 2 and the capecitabine dose was reduced by 33% to 300 mg orally bid. A third episode of these toxicities resulted in removal from the study.
Statistical analysis
This clinical trial employed Simon's MinMax two-stage design to study the primary objective of total response rate. Based on the literature, there is an estimated 50% total response rate to many multi-agent regimens for advanced gastric adenocarcinoma [16, 18, 26] . We estimated an improvement in this historical response rate by 30%, which would yield a total response rate of 65% for our regimen to have clinical meaning. With = 0.10 and = 0.10 (power = 0.90), 19 of the Wrst 40 patients must respond to continue accrual to a total of 72 patients. All patients, except those who did not receive any chemotherapy, were analyzed for response. Kaplan-Meier methods were used to analyze the secondary endpoint of response duration and overall survival using a historical control of 7 months [16, 18, 26] .
Results
Patient chararcteristics
This was a multi-center single treatment arm study involving four academic sites and two community partner institutions. A total of 39 patients were accrued from February 2004 to February 2007; the study was closed before a 40th patient could be accrued due to statistical inability to obtain the required 19 responses. See Table 1 for patient characteristics.
Adverse events
All 39 patients were evaluated for toxicity. Study related adverse events (AE) are summarized in Table 2 and are categorized by grade. There were no grade 5 related events, with all patient deaths secondary to disease progression. Only Wve grade 4 events occurred (neutropenia, hyperkalemia, hypokalemia (2), thrombosis/embolism) without grade 4 diarrhea or sensory neuropathy.
Constitutional symptoms accounted for 77% (n = 30) of treatment related AE experienced; 79% (n = 31) of patients complained of gastrointestinal eVects. Only 15% (n = 6) experienced stomatitis and there was one episode of febrile neutropenia. Treatment-related diarrhea, mainly grade 1 occurred in 69% (n = 27) with hypokalemia experienced by 31% (n = 12) of patients.
Baseline symptoms were recorded for 33 patients, with an average of 5 baseline symptoms per patient. Over the course of the study, 28% of patients were taken oV study due to AE or other complications. For patients who completed one cycle of therapy, the median number of cycles received was three, with a range of 1-12.
Response rate and survival Two patients had a complete response, with nine patients achieving a partial response. See Table 3 for response rate data; the total response rate was 28% with 23% (n = 9) of patients not evaluable for response. Reasons for inability to assess response include patient withdrawal before the end of cycle 2 for non-disease and non-treatment related issues (N = 4), withdrawal before the end of cycle 2 with death 2-9 days after stopping treatment due to disease (N = 3), progressive non-measurable disease (pleural eVusion N = 1), and physician withdrawal for patient noncompliance (N = 1). The secondary objective of median response duration was noted at 5.97 months. Median overall survival was 8.98 months with 95%CI (6.85, 13.31) months (see Fig. 1 ) and progression-free survival was 5.38 months 95%CI 3.38, 8.46) months (see Fig. 2 ) with three patients alive at last data analysis.
Discussion
The incidence of stomach/GEJ adenocarcinoma has remained essentially stable over the past few years, except for the known increase in GEJ and distal esophagus adenocarcinomas in the United States, starting in approximately 1975 [5, 25] . The higher incidence of adenocarcinoma of the stomach/GEJ coincides with increased rates of gastroesophageal reXux disease, obesity, and tobacco abuse. The pathogenesis of adenocarcinoma includes multiple environmental factors, such as Helicobacter pylori infections, and genetic mutations of p53, p27, E-cadherin, and others with activation of cellular epidermal and vascular proliferative pathways [11] . Some consider these particular mutations lead to a more aggressive entity. The standard of care or reference regimen for clinical trials varies by geography due to international diVerences in screening, surgical approach, and subsequently the natural history. Systemic treatment improves mortality over best supportive care [25] and doublet or triplet regimens are accepted as superior to single agents [25] .
In the United States, cisplatin (CDDP) and Xuorouracil (5-FU) in combination (CF) is among the most frequently employed treatment, due to improved progression-free survival (PFS) [12, 24] . Epirubicin, cisplatin, and infusional 5-FU (ECF) is another regimen, widely used in the United Kingdom, based on overall survival improvement seen against 5-Xuorouracil, leucovorin, doxorubicin and methotrexate (FAMTX) [16, 26] . A randomized, international trial of docetaxel, cisplatin, and continuous infusion 5-FU (DCF) or CF was recently completed and the primary objective of improved time to progression with DCF was achieved. Also, there was a signiWcant improvement in overall survival between the two regimens of over half a month (9.2 vs. 8.6 months, P = 0.0201) [23] .
In this population of potentially debilitated patients, the toxicity of a triple-drug regimen could be problematic. Currently, a randomized trial of DCF with growth factor support versus a modiWed DCF regimen is under way to answer the question of clinical feasibility (MSKCC 06-103 http://www.clinicaltrials.gov). At this time, DCF and ECF and are the only regimens from randomized clinical trials with statistically superior overall survival (OS) from the comparator therapies. However, a large randomized noninferiority trial with a two by two design assessed diVerent permutations of ECF, including the parent regimen and substitutions of capecitabine for 5-FU and oxaliplatin for CDDP. The hazard ratio for death was consistent with noninferiority for the use of capecitabine and oxaliplatin. Overall survival was a secondary objective and favored epirubicin, oxaliplatin, and capecitabine at 11.2 months (EOX) over ECF at 9.9 months (HR 0.80, 95% conWdence interval 0.66-0.97, P = 0.002) [3] . EOX does eliminate the need for venous access and continuous 5-FU infusion, which may be more desirable for many patients. Irinotecan-based trials are also ongoing; although an abstract describing a weekly schedule of irinotecan and 5-FU/LCV with continuous infusion 5-FU for 24 h versus CF was superior only in having fewer adverse events [4] . Our triple-drug regimen of oxaliplatin, irinotecan and capecitabine did not distinguish itself with regard to response rate, although response rate is not necessarily a correlate for survival. The study's primary aim targeting a 30% increase in response rate as compared to the literature was a venerable goal; a median survival of 9 months is consistent with reports with other regimens. The total response rate did not exceed expected rates for reasons that may include the 56% rate of ECOG PS 1-2 patients and a weekly dosing schedule requiring multiple trips to the clinic; 15% (N = 7) patients withdrew after starting treatment. Pharmacokinetic studies from the phase I study by Krishnamurthi et al. did not reveal any abnormal drug interactions; however, since many patients did have a prior gastrectomy or gastric bypass, it is feasible that capecitabine absorption was altered in this population. The most likely reason for non-statistical signiWcance in our trial is that cytotoxic agents alone are simply ineVectual therapy.
Oxaliplatin, irinotecan and capecitabine does not appear to be noticeably diVerent from the other regimens. However, it appeared to be well-tolerated except for a high rate of grade 3 diarrhea. This study reiterated the known ability of cytotoxic agents in combination to impart a good response rate and survival rate in some patients. Multiple randomized trials have elucidated response rates of 42-45% for ECF [16, 26] 21-41% FAMTX [26, 27] 37% for DCF [23] 25-34% for 5-FU/cisplatin [23] and 48% for EOX [3] . S-1 has been studied in Japan with great success in phase II studies, but results of JCOG 9912 versus 5-FU versus irinotecan and CDDP are pending. Comparison between American and Japanese patients should occur with caution, given the diVering surgical approaches and natural history, drug availability, and genetic polymorphisms.
Although some phase II studies are obtaining an approximately 50% response rate and current cytotoxic agent-only combinations such as DCF and EOX report median survivals of 9-11 months [3, 23] , overall survival does not appear to be signiWcantly changing. Novel agents and altered dosing schedules are possible alternative strategies for this disease. This study utilized a schedule with lower doses per each treatment and a more frequent administration, similar in structure to metronomic chemotherapy administration; however, the 2-week rest period would argue against this designation [9] . FOLFOX-4 (bi-weekly oxaliplatin, infusional 5-FU and leucovorin) has been tested in phase II studies for this patient population, with an essentially equivalent doses of oxaliplatin over 6 weeks (255 mg/m 2 in FOLFOX-4 and 240 mg/m 2 in this study) and reports of less diarrhea, neutropenia, and less frequent chemotherapy administration than this regimen [1, 6] . A more manageable toxicity proWle is one attractive component of novel dosing therapies [21] and alternative drug administration schedules should continue to be assessed.
As the molecular pathogenesis of gastric carcinoma becomes more apparent, it is reasonable to target therapies to these perturbations. For example, it is known that the expression of the vascular endothelial growth factor receptor (VEGF) is linked to a poor prognosis [28] . A phase II trial of the VEGFR inhibitor bevacizumab in combination with irinotecan and cisplatin displayed provocative results with a median survival of 12.2 months [17] . Currently, there are multiple angiogenesis inhibitors being assessed in phase I and II clinical trials for solid tumors (i.e., bevacizumab, sunitinib, vatalanib, NPI-2358; see http://www. cancer.gov/search/clinical_trials).
Additionally, inhibition of the epidermal growth factor receptor (EGFR), as well as nuclear factor kappa-B, have been attempted in several studies with variable results [7, 14, 15] . The utilization of cytotoxic therapies needs to be maximized; agents that disrupt the cellular pathways and genetic mutations controlling gastric/GEJ adenocarcinoma should be added to these drugs with the goal of improving survival.
